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[57) 'ABSTRACT

A device for gauging the level of a fluid in a container
with a microwave signal is described. The device com-
prises a vertical tube (1) mounted in the container, and
a transmitter and a receiver and an electronic unit for
determining the level based on the reflex position of the
microwave signal. The device is characterized particu-
larly by a calibration device in the form of a polarization
means (6, 7) for polarizing the microwave signal in two
polarization planes separated from each other and at
least one reflecting reactance (10) in the tube (1) ar-
ranged to give a substantially stronger reflex of the
microwave signal in the first polarization plane than in
the second.

7 Claims, 4 Drawing Sheets
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1
DEVICE AT A RADAR LEVEL GAUGE

The present invention relates to a device for gauging
the level of a fluid in a container, i.e. a fluent for granu-
late material, preferably a condensable gas under over-
pressure, comprising a vertical tube through which a
number of relatively small openings in its wall so com-
municate with said fluid that its level is the same in the
tube as in the container, further a transmitter for feeding
a polarizable microwave signal through the said tube, its
cross section being so big that it admits passage of the
microwave signal, further a receive of reflected micro-
wave signal and an electronic unit arranged to deter-
mine the reflex position of the reflected microwave
signal. |

Such devices have become more and more important
particularly for petroleum products such as crude oil
and products manufactured therefrom. By containers it
is meant in this context large containers constituting
parts of the total loading volume of a tanker, or even
larger usually circular-cylindrical landbased tanks with
volumes of tens or thousands of cubic meters. Demands
on accuracy of measurement have become higher. This
has brought about, for instance, that level gauging in
containers that contain condensable gas under overpres-
sure, such as natural gas, butane or propane, places
particularly high demands on the gauging equipment
used. When ordinary petroleum products are used, i.e.
such that are fluent at the usual temperatures, it is possi-
ble to open the container even when it is filled to a
greater or less degree with the product in question, and
through this a calibration of the gauge can be effected
without too much work.

When to gauge the level in a container that contains
condensable gas under overpressure it is possible only
exceptionally to open such a container and make a cali-
bration. In addition, because the velocity of propaga-
tion of the microwave signal depends on the pressure in
the gas there is a great need for an arrangement for
calibrating a device of the kind mentioned in the intro-
duction.

According to the invention a device of the kind men-
tioned in the introduction, which can be calibrated in a
simple manner also when the said container contains a
condensable gas under overpressure, is characterized
primarily by a polarization means, arranged optionally
to polarize the microwave signal emitted from the trans-
mitter in a first and a second polarization plane, which
form a mutual angle, praferably 90°, and further by at
least one reflecting reactance arranged in the tube to
give a substantially stronger reflex of the microwave
signal in the first polarization plane than in the second.

The said tube is usually circular-cylindrical, but other
embodiments are also possible provided they show 90°
. symmetry in cross section, such as a square or super-
elliptical cross section with two equally long major
axes. As a polarizable microwave signal, such is prefera-
bly used as shows Hj;; mode, but also other rotary un-
symmetrical modes, such as E{j mode, are conceivable.
In practice, the cross section of the tube is often dimen-
sioned so that it admits passage of higher modes. In a
preferred embodiment of the device according to the
invention the transmitter comprises a circular wave-
guide for one-mode propagation, primary for Hjj mode.

The polarization means can in a known manner be
formed in many different ways. In a suitable embodi-
ment it consists of a substantially plane plate of a dielec-
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tric material such as a polymer, arranged with its plane
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guide, preferably crosswise filling out the diameter of
the waveguide, the waveguide having suitably a circu-
lar cross section. The plate is arranged turnable about
the symmetry axis of the waveguide between two posi-
tions, preferably so that the planes of the plate in the
two positions form 45°,

In an alternative preferred embodiment of the polar-
1zation means the plate of dielectric material is replaced
by one or two plane metal plates, they too being placed
with their planes substantially parallel to the symmetry
axis of the waveguide, however not crosswise filling out
the diameter of the waveguide. The plate or plates are
correspondingly turnable.

In another suitable embodiment of the polarization
means this is a section of a waveguide, which is oval in
cross section, the waveguide section being arranged -
turnable about its symmetry axis optionally between
two positions, preferably so that the longitudinal sym-
metry planes of the waveguide section in the two posi-
tions form 45°,

Also, the said reactance can be formed in a number of
different ways. A suitable embodiment comprises that it
is formed of a relatively thin metal pin, arranged with its
longitudinal direction perpendicular to the longitudinal
axis of the tube, preferably extending diametrically
through the tube.

The reactance can also be formed by an aperture in
the wall of the tube, preferably with its longitudinal
direction perpendicular to the longitudinal axis of the
tube. The aperture can be made substantially bigger
than said relatively small openings in the tube, but this
IS not necessary—at calibration such an electronic unit
can be used that is provided with a suitable filter, so that
the reflex position of the reactance can still be mea-
sured.

Although 1t would be sufficient to arrange a single
reactance in the tube, it is suitable in practice to ar-
ranged several of them. When a reactance is below the
surface of the fluid, i.e. the fluid has risen above its
position, 1t does not give any reflex. p The invention.
will now be described more in detail with reference to
the accompanying figures, of which:

FIG. 1 shows schematically in perspective a device
according to the invention;

FIG. 2A shows schematically in perspective a polar-
ization means;

FIG. 2 B, C show the functioning of polarization
means according to FIG. 2 A;

FIGS. 3 A-D show schematically in cross section a

number of embodiments of the polarization means;

FI1GS. 4 A, B show schematically in perspective and

cross section, respectively, an embodiment of a reac-
tance according to the invention;

FIGS. 5 A, B show schematically in perspective and -
Cross section, respectively, an alternative embodiment
of a reactance, and;

FIGS. 6 A, B show schematically in perspective and
cross section, respectively, another alternative embodi-
ment of a reactance.

In F1G. 1, 1 designates a vertical, circular-cylindrical
tube that 1s rigidly mounted in a container, not shown,
containing a fluid, such as a condensed gas. The tube is
not shown in its entire length but only in its upper and
lower portions. The tube is provided with a number of
relatively small openings 2 in its wall, which makes
possible the communication of the fluid from the con-
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tainer to the interior of the tube, so that the level of the
fluid is the same in the tube as in the container. The
upper limitation or roof of the container is designated
by 3. On it there is a unit 4 rigidly mounted. This unit
comprises a transmitter, not shown, for feeding a polar-
ized microwave signal, in this case with Hi; mode, and
a receiver for receiving reflected microwave signals,

and an electronic unit for determining the reflect posi-
tion of the reflected microwave signal.

The transmitter comprises a circular waveguide, des-
ignated by 8§ in FIG. 1. A section of this waveguide 6,
consists of the polarization means, and is turnable be-
tween two positions at 45° distance from each other. In
this section there is mounted a plane plate 7 of a poly-
mer material, diametrically filling out the section, with
its plane parallel to the symmetry axis of the waveguide.
The waveguide is surrounded by a protection tube 8.
The waveguide 5 passes via a conical middle piece 9
over to the tube 1. In the lower portion of it there 1s a
relatively thin metal pin 10 mounted diametrically per-
pendicular to the longitudinal direction of the tube 1.
This metal pin 10 consists of a reactance which gives
rise to a defined reflection of an emitted microwave
signal, which is received by the receiver in the unit 4
and via the electronic unit gives a calibration of the
gauging function. The unit 4 with the transmitter and
the receiver is fixed in relation to the metal pin.

In FIG. 2 A the section 6 is shown by the waveguide
with the plate 7, i.e. the polarization means used. The
polarization of an incoming microwave signal 1s pres-
ented schematically in the FIGS 2 Band 2 C. H;) mode
is used, and the central vector of the E field above the
plate 7 is designated by E. If the plate 7 1s at right angles
to this vector E, there is no effect on the E field, FIG.
2 B. If, on the other hand, as in FIG. 2 C, the plate 1s at
45°to the vector E, it will be turned 90°, to the direction
E,under the plate. The explanation presents itself if E is
split up into the components E;| and E3. Out of these,
E; is directed parallelly to the plate and is phase-shifted
180°, while E; remains unchanged. Eis the resultant of
E; and E3; under the plate, as mentioned, turned 90°
relative to E. '-

If now the microwave signal is emitted with the cen-
tral vector of the E field perpendicular to the metal pin
10, only a relatively weak signal will be reflected to the
receiver, while there is hardly any effect of the metal
pin on the signal that is reflected away from the surface
of the fluid if the metal pin is located near that surface.
If, on the other hand, the central vector of the E field is
emitted polarized 90° it will be reflected with maximum
strength by the metal pin, and thereby makes a calibra-
tion gauging possible.

In FIG. 1, only one metal pin 10 is shown, but in
practice several such pins are used, as mentioned, lo-
cated at different levels. Only a metal pin that 1s located
above the surface of the fluid gives rise to a reflected
signal.

s-InnalFIG.. 3, four alternative embodiments of the polar-
ization means are shown in two columns, schematically
in cross section. FIG. 3 A 1is a waveguide section with
oval cross section that can be turned 45° for polarization
of an incoming microwave signal. FIGS. 3 By, B2 show
a metal pin 12 that does not fill a circular cross section
of a waveguide, FIGS. 3 C), C2show metal plates in the
form of rails 13 at the wall of a circular waveguide, and
FIGS. 3 Dy, D; show a circular waveguide with dia-
metrically insertable, plane metal plates 14.

Some different alternative embodiments of a reac-
tance can be seen in FIG. 4. The embodiment with a
relatively thin metal pin 10 is shown perspectively and
in cross section in FIGS. 4 A, and 4 B, respectively.
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A vanant, FIG. 5A, B is formed as a pair of symmet-
rically, diametnically mounted pegs S. One further pro-
posed embodiment 1s a circumferential aperture 11
shown by FIGS. 6 A, B.

It should be noted, that the adjustment of the polar-

ization means can be effected manually or through dis-
tant control completely independent of the operation

conditions in the container that contains the fluid in
question.
I claim: |
1. A device for gauging the level of a fluid in a con-
tainer, i.e. a fluent or granulate material, preferably a
condensable gas under overpressure, comprising:
vertical tube through which a number of relatively
small openings in its wall 50 communicate with said
fluid that its level in the tube is the same as in the
container;
transmitter for feeding a polarizable microwave sig-
nal through the said tube, said tube having a cross
-eiction dimensioned to admit passage of the micro-
wave signal;
-an electronic unit arranged to determine the reflex
position of the reflected microwave signal;
charactenzed by -
polarization means (6, 7) arranged optionally to po-
larize the microwave signal emitted from the trans-
mitter in a first and a second polanization plane,
which form a metal angle, preferably 90°;
at least one reflecting reactance (10) arranged in the
tube (1) to give a substantially stronger reflex of the
microwave signal in the flmd polarization plane
than in the second. |
2. A device according to claim 1, characterized in
that the transmitter comprises a circular waveguide (5)
for one-mode propagation, preferably H;; mode.
3. A device according to claim 1, characterized in
that the polarization means consists of a substantially
plane plate (7) of a dielectric material such as a polymer,

arranged with its plane substantially parallel to the sym-

metry axis of the waveguide, preferably crosswise fill-
ing out the diameter of the waveguide, the plate being
arranged turntable about the symmetry axis of the

~ waveguide optionally between two positions, prefera-

bly so that the planes of the plate in the two positions
forms 45°.

4. A device according to claim 1, characterized in
that the polarization means consists of at least one plane
metal plate placed with its plane substantially parallel to
the symmetry axis of the waveguide, not crosswise
filling out the diameter of the waveguide, the metal
plate being arranged turnable about the symmetry axis
of the waveguide optionally between two positions,
preferably so that the planes of the metal plate in the

two positions form 45 °,

8. A device according to claim 1, characterized in
that the polarization means is a section of a waveguide
(3 A), which is oval in cross section, the waveguide
section being arranged turntable about its symmetry
axis optionally between two positions, preferably so
that the longitudinal symmetry planes of the waveguide
section in the two positions form 45°, |

6. A device according to claim 1, characterized in
that the said reactance is formed of a relatively thin
metal pin (10), arranged with its longitudinal direction
perpendicular to the longitudinal axis of the tube (1),
preferably extending diametrically through the tube (1).

1. A device according to claim 1, characterized in
that the reactance is formed by an aperture (11) in the
wall of the tube, preferably with its longitudinal direc-
tion perpendicular to the longitudinal axis of the tube

1).
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